Abstract --The technique of using a single basic signature sequence for the DSKDMA system was investigated. All users have their sequences differed by cyclic phase shifts from a basic signature sequence. It is called Code Phase Assignment (CPA) [l]. In [l], it has been shown that the CPA DSKDMA technique yielded better performance over conventional DSKDMA communications by substantial reduction of the multiple access interference (MAI) and the multipath interference (MI) for a simplified channel model. This paper further investigates its performance in the indoor Rician multipath fading channel. Comparison with conventional DS/CDMA system will be made and the effect on the change of system parameters will be investigated. Higher multiple access capacity over conventional DSlCDMA will be demonstrated. Lastly, CPA could reduce the effort of exhaustive search for sequences which makes it suitable for indoor applications.
I. INTRODUCTION
There has been considerable interest in indoor wireless communications using DSKDMA techniques [2] - [5] because of the ability in improving the performance through exploiting the multipath diversity.
However, the performance of asynchronous DSKDMA degrades considerably in the presence of MAI. To combat the adverse effects due to MAI, the CPA technique has been proposed for indoor wireless communications using DSICDMA [I] . In CPA, signal transmission of all users are approximately synchronized and cross-correlation optimized cyclic codes are used for all signature sequences. These cyclic codes are generated from a basic sequence with different numbers of cyclic phase shifts. A basic sequence with good autocorrelation properties is selected in order to yield cyclic codes that are optimized in crosscorrelation properties. The CPA is aimed at (i) improving the error performance by reducing MA1 and MI, (ii) reducing the effort in searching for optimized signature sequences, and (iii) providing higher multiple access capacity.
In this paper, we shall concentrate on comparing the error performance of CPA DS/CDMA and conventional DSKDMA in the indoor environment. The indoor radio channel is modeled as a multipath Rician fading channel. Comparison of results is based on the following aspects: (i) different choices of signature sequences for the conventional DS/CDMA system, Fax.: (852) 2559-8738 including m-sequences and Gold codes, (ii) the code length, (iii) the number of users, and (iv) the delay spread of the channel.
The paper is organized as follows. Section I is the introduction. Section I1 describes the CPA DS/CDMA system model. Section I11 presents the system performance and computational results which compares CPA and a conventional asynchronous DSICDMA system under different conditions. Finally, conclusions are given in Section IV.
CPA DSKDMA SYSTEM MODEL

A. Transmitter Model
The model considered here is a synchronous DSKDMA system with K users. Each user transmits a data waveform. The k-th ( I 5 k 5 K) user's data signal bk(t) is a sequence of positive and negative, unit pulses of duration that can be expressed as m bL(t)= C b:*'p,(t-iT,) ( 
1)
I=-
where bk, ~{ -l , + l } , p&=l for 0 I t < T and pT(f)=O otherwise.
Each user is assigned a signature sequence, a k ( t ) which has a period T , , a length N and consists of positive and negative unit pulses. We assume that each chip U:) in the periodic sequence has duration, r, so that there is one code period of N chips u y ' ,~:~) , u~' , . . . , a~~, per data symbol 
For simplicity of calculation, the system is assumed to be perfectly synchronized and thus nkT = 0 . The transmitted k-th user signal can be denoted as
where P represents the common signal power, f, represents the common carrier frequency and 6, is the carrier phase which is uniformly distributed in [0,2x].
B. Channel Model
In r(t) = f i c P@%(t -r @ )bk(t -7 kq )cos(27!f,t +oh)
where I$, =e, +w -2.rcf,zQ is assumed to be uniform distributed in [0,2x] and n(t) is the white Gaussian noise which has two-sided power spectral density N,, / 2 .
C. Receiver Model
The whole DSKDMA system is under network control so that the receivers and the transmitters are synchronised. The receiver consists of a matched filter and PSK demodulators that the signal are matched filtered and coherently demodulated to the transmitted bits. Without loss of generality, user 1 is the reference user. The decision variable for the user 1 in the path 1 is given by t y ) . 5;') = Ir(t)al(t)cos(2n~t)dr T n where the Ck,l is the dissrete aperiodi function for the sequences ( up) ) and ( up) ) defined by i 4
I -N l h < O (13)
Without loss of generality, for the reference user and the reference path z l l = 0 and $,, = 0 . Moreover, for a synchronized system, all users are synchronized to the corresponding starting phase at the receiver and it is assumed the time delays for the first path of each user7 k1 = 0 for k 2 , ..., K.
It is found that the equation (8) consists of four parts. Accordingly, they are the desired data, the MI due to the multipath channel, MA1 from other users and the white Gaussian noise term with the variance Varjn,) = -N<,T, 4
SYSTEM PERFORMANCE AND COMPUTATIONAL RESULTS
The system performance is determined by the average bit error probability, 4 for a user. An error occurs when E,;') < 0 I b: = 1 or c;') > 0 1 b," = -1. The average error probability for time-invariant and Rician fading channels is simulated by computers. They are shown in figure 1-4 . For all figures, the number of resolvable paths is L=4, the length of codes N-127 unless otherwise specified. In this section, we will compare the performance of the conventional CDMA and the CPA CDMA.
1)Conventional CDMA and CPA CDMA:
The bit error probability of a conventional CDMA system is shown in figure  1 . It is found that as the number of users is added to a conventional system, the multiple access interference increases and the bit error probabilities decreases. The results are compared with figure 2. In figure 2 , the CPA CDMA with 127 m-sequence is used. The performance is improved at higher E, / N,, ratio. The main reason is the reduction of multiple access interferences with other users. At higher E, / A',?. it is observed that the conventional CDMA with K=20 has similar error performance with CPA with K=42. Figure 2 and figure 3 compares with different codes. The Gold codes used here are non-optimized. It is found that they both have similar error performances at less users. However, when more users are subscribed to the system, the system with m-sequence shows better performance. In this speckle case, the system with m-sequence for K=42 has approximate performance with Gold codes for K=30. It is shown the choice of an optimized signature sequences in CPA CDMA is critical to the system performance. The right choice of a signature sequences can increase the number of users in CDMA system.
2)Comparison of CPA CDMA with m-sequence and Gold codes:
3)Comparison of CPA CDMA with different delay spread:
In figure 4 , there are six sets of data. We try to compare how the change in parameters may affect our system. First, we want to compare the effect of delay spread on the bit error probabilities. The common code length is N=127 but the number of resolvable paths are L=2 and 4 respectively. We can conclude that the degradation in performance occurs if there is an increased value of the data rate or delay spread that increases L. It is observed that at higher E, / N,, ratio where the multiple access interferences and the self multipath interferences dominate, the bit error probabilities of the case with L=2 is about one-fifth ofthe case with I,=4 for K=10 and 30.
4)Comparison of CPA CDMA with different code lengths, N:
Another comparison in figure 4 is made on the different number of code length while the number of paths remain unchanged (L=2). The bit error is about 3 times less for the same number of users. Moreover, it is found that the curve N=127, K=10 overlaps with N=255, K=30. The doubling of the code length can treble the capacity under non-diversity condition.
IV. CONCLUSIONS
, In this paper, the bit error performance of CPA DS/CDMA is evaluated. It is shown to have better performance than conventional asynchronous DSKDMA. Comparison of results includes the following: (i) different choices of signature sequences for the CPA DSKDMA system, including msequences and Gold codes, (ii) the number of users, and (iii) the delay spread of the channel, and (iv) the code length.
It has been shown that CPA DS/CDMA can improve the bit error performance by reducing the MA1 and the MI. Moreover, the algorithm of CPA is simple and it can reduce the effort in searching for optimized signature sequences. CPA can have higher multiple access capacity under a suitable choice of the basic signature sequence, lower delay spread and with longer code length. Hence, CPA DSlCDMA can be used in a typical indoor wireless environment where the delay spread is small compared with other common multipath fading channels [9] . 
